In this paper we empirically study the relation between public debt and economic growth. We analyze how the public debt to GDP ratio at a certain point in time is cor-related with the GDP growth rate in the following period, where we consider a one-year time span, a three-year time interval and a five-years interval. Using panel data compris-ing seven developed countries from 1970-2012, we estimate a pooled regression model and a random effects model. We find some evidence for a significantly negative relation between debt and growth. Further, for most specifications this relationship does not seem to be characterized by non-linearities.
Introduction
The financial crisis that had started as a sub-prime crisis in the USA in 2008 turned into a public debt crisis, particularly in some European economies. Since banks had to be backed by governments in order to prevent a break-down of the banking sector, public debt relative to GDP increased dramatically. Especially, Ireland as well as some Southern European countries, that had accumulated a huge amount of public debt relative to GDP already before the outbreak of the crisis, got into severe trouble. This evolution has renewed the economic research dealing with the question of how public debt can affect the real side of market economies.
With this paper we also intend to contribute to the empirical research dealing with the question of how public debt and economic growth are related. We perform panel data estimation with selected euro zone economies and the USA. Our estimations yield empirical evidence for a significantly negative relationship between the debt to GDP ratio and economic growth in subsequent periods. Further, we only find very weak evidence that this relationship is characterized by non-linearities.
Thus, the correlation between public debt, on the one hand, and economic growth, on the other hand, has been the subject of a great many studies in the recent past. A frequently cited contribution is the one by Reinhart und Rogoff (2010) who, using histograms, find an inverted U-shaped relation between debt and growth, with the relationship becoming negative once the debt to GDP ratio exceeds about 90 percent 1 . Although that paper seems to contain a spreadsheet coding error that led to a miscalculation of the growth rates of some economies, there are other studies that also detect an inverted U-shaped relation between debt and growth.
For example, Caner et al. (2010) analyze 101 countries over the time period 1980-2008 and detect a critical value for the debt ratio beyond which the relation between debt and growth becomes negative. The threshold of the debt to GDP ratio is about 77 percent and it depends on which countries are included in their sample.
Another contribution within that line of research has been presented by Checherita and Rother (2010) . Those authors perform regression analyses for 12 euro area countries over the period 1970-2011, where they distinguish between annual growth rates and growth rates over a time span of 5 years. For both cases, these authors also find an inverted U-shaped relation between debt and growth, with the threshold of public debt being at 70-80 percent of GDP. In addition, Checherita-Westphal et al. (2012) estimate regressions for various subsamples of OECD countries and find values for the threshold of the debt to GDP ratio that range between 43 and 63 percent of GDP 2 . Egert (2015) extends the time period of the sample in Reinhart and Rogoff back to 1790 and detects a small negative correlation between debt and growth.
Using an endogenous threshold model, he finds some evidence of a non-linear relationship between debt and growth. Further, Egert (2015) points out that both the presence and the level of the thresholds are not robust to small changes in country coverage, data frequency and to changes in the assumptions on the minimum number of observations included in each regime. Dreger and Reimers (2013) study the effect of the debt ratio on the real GDP per capita growth rate for two groups of countries, euro-zone members and non-euro-zone European economies, and further separate the situations in sustainable and non-sustainable debt states. They utilize a pooled panel regression and also find a negative effect of the debt ratio on economic growth.
On the other hand, there exist empirical studies that only find a negative correlation between the debt to GDP ratio and economic growth. Ferreira (2009) , for example, performs Granger causality tests for 20 OECD countries over the time period from 1988-2001, where he studies annual growth rates. It turns out that higher debt to GDP ratios exert a negative effect on the growth rates of economies. This effect is statistically significant and it goes in both directions, that is higher public debt reduces economic growth and less growth implies higher government debt. Kumar and Woo (2010) analyze 19 countries over the time span from 1970-2007, where they estimate growth regressions with the growth rate over 5 years as the dependent variable. The result of their estimations is a definitely negative relationship between the debt to GDP ratio at the beginning of a period and the growth rate of that period. In addition, they investigate the relation between public deficits and economic growth and detect a negative correlation, too.
1 Earlier studies using time series data for the USA find a growth maximizing debt to GDP ratio of about 40 to 50 percent, cf. Smyth and Hsing (1995) and the literature cited in that paper. 2 However, within a theoretical endogenous growth model, one needs extreme assumptions to get an inverse Ushaped relation between debt and growth (cf. Greiner, 2013) . 4(4), [137] [138] [139] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] 2015 Their study also reveals non-linearities such that higher public deficits and higher debt to GDP ratios go along with disproportionately negative growth rates. Ballasone et al. (2011) analyze the relation between the ratio of public debt relative to GDP and the growth rate of real per capita income in Italy over the period 1861-2009. They detect a negative correlation between government debt and economic growth, where the negative effect seems to work mainly through reduced investment. Panizza and Presbitero (2013) , finally, present a survey of papers dealing with debt and growth. They find that the presence of thresholds and, more generally, of a non-monotonic relationship between public debt and economic growth is neither robust to changes in data coverage nor to the empirical techniques resorted to. They maintain that empirical studies dealing with that subject should, in particular, put a strong emphasis on cross-country heterogeneity.
The rest of the paper is organized as follows. In the next section, we first describe the estimation procedure and the data we use in our estimations. Section 3 presents the estimations results and section 4, finally, concludes.
The estimation procedure and the data
In order to analyze how the public debt to GDP ratio at a certain point in time affects economic growth in subsequent periods, we perform panel data estimation with annual data from seven selected western countries of the euro area (Austria, France, Germany, Italy, the Netherlands, Portugal and the USA) covering the years from 1970 until 2012. The main criterion for the selection of the countries in our sample was that we intended to have economies that display similar patterns with respect to the time paths of the variables, in particular with respect to the debt to GDP ratio, (besides availability of the data) in order to reduce the degree of heterogeneity in the sample. All those countries are developed economies and display similar patterns with respect to the time series of public debt and economic growth. With six European economies the focus is set on this region, where Germany and France represent the two largest euro zone economies. Further, the Netherlands and Austria are two smaller central European economies, of which Austria suffered from an almost steadily rising debt to GDP ratio over the observation period whereas the Netherlands were able to remarkably reduce their debt ratio in the 1990s. Italy and Portugal have been included because they both have been strongly affected by the 2008 financial and public debt crisis. In order to draw meaningful conclusions we also include the USA in our sample as one of the largest economies world wide. Other countries are neglected, as Japan, for example, is not comparable due to its special features, see for instance Fincke and Greiner (2011) . Moreover, taking data until 2012 allows us to take into consideration the influence of the financial and public debt crisis that started in 2008.
Following the approach in Kumar and Woo (2010) , we divide the whole observation period into sub-periods with non-overlapping intervals. As concerns growth, we distinguish three types of intervals (five years q= 5, three years q = 3 and one year q = 1). This implies that we analyze the question of how the public debt to GDP ratio at time t − q affects the growth rate for the following q years. Consequently, for q = 5 the seven intervals are (1970) (1971) (1972) (1973) (1974) (1975) , (1976) (1977) (1978) (1979) (1980) (1981) , . . . , (2000) (2001) (2002) (2003) (2004) (2005) and (2006) (2007) (2008) (2009) (2010) (2011) , while for q = 3 the eleven sub-periods start with (1970) (1971) (1972) (1973) and end with (2010) (2011) (2012) , where the last interval comprises only two years. 4(4), 137-150, 2015
The following figures 1 and 2 show the GDP growth rates over an interval of three years (q = 3), calculated as the difference of the natural logarithm of real GDP per capita, and the public debt to GDP ratio, measured at the beginning of the period 3 .
The figures have been plotted using scatterplot implemented in the package car in R. The lines represent a nonparametric regression smooth (see for instance Fox et al., 2013) , whereas the dots and crosses etc. represent the actual observations. Obviously, there is a generally decreasing trend with respect to the GDP growth rate across all seven economies, while the debt to GDP ratio basically increases over time. Thus, our sample seems to represent rather a homogeneous set of economies. Certainly, both figures are significantly shaped by the financial and public debt crisis visible in the more recent time intervals. This graphical illustration suggests a negative relationship between public debt and economic growth.
To get a more profound idea about the relationship between public debt and economic growth, we first estimate the following pooled regression model, where we proceed as in Kumar and Woo (2010) and Dreger and Reimers (2013) ,
with y i,t the natural logarithm of real GDP per capita for country i at time t. Further, b is the public debt to GDP ratio, C gives the vector of the control variables and term. All regressors are measured at the beginning of a period, i.e. at t − q. This analyze the effect of the initial explanatory variable on economic growth in subsequent periods.
Concerning the control variables we include the initial real GDP per capita (y i,t−q ) expressed in log units. It is added accounting for conditional convergence, meaning that economies with smaller capital stocks and lower income are characterized by higher growth rates on their way to the long-run balanced growth path. Also, foreign trade (Trade i,t−q ) is considered. It is proxied by the difference between exports and imports (i.e. the external trade balance or net exports) relative to GDP. This external trade balance is added to the regression since openness promotes the efficient allocation of resources and leads to the dissemination of technical progress, plus, it raises competition in markets and, thus, is favorable to growth (see e.g. Young, 1991, and in order to proxy the size of the government. It is calculated as government consumption expenditures relative to GDP. As a proxy for stabilization and potential differences in monetary policies in the sample the initial annual inflation rate (In f l i,t−q ) is included. In order to check for robustness, the log of the population (Pop i,t−q ) had initially been included, too, but it did not yield a significant effect or change the results essentially 4 . Summary statistics of each variable can be found in appendix B.
The data set contains variables for the seven selected economies Austria, France, Germany, Italy, the Netherlands, Portugal and the USA for the years from 1970 until 2012. The data are mainly taken from OECD (2013), such as the GDP, public debt, imports and exports and governmental consumption. For the population and for the GDP deflator statistics, we resorted to IMF (2013). Concerning Germany, the change in 1992 reflects the transition from Western Germany to reunified Germany. For Portugal, in order to get a long time series of public debt, the data have been merged into one series in 1996. This was due to data availability. Further, the Portuguese GDP deflator has been taken from OECD (2013) which has the base year 2006 instead of 2005 (as the IMF data). Since the data for EU economies were in part only available in national currencies, before the introduction of the Euro, they have been transformed to Euro according to the fixed exchange rates, e.g. for Germany 1 € = 1.95583 DM or for Portugal 1 € = 200.482 Escudos. For the trade (openness) variable the net exports or external balance (difference of exports minus imports), on a national account basis, has been used. Originally, these series were measured in US $. A transformation to Euro has been performed using an exchange rate of 1 US $ = 0.75 € (as of August 2013).
All growth rates have been computed as the difference of the natural logarithm of a variable x at the end of the period (t) and the beginning of the period (t − q), i.e. gx = ln(xt) − ln(xt−q). Figures 1 and 2 in the last section suggest a negative relationship between economic growth and the public debt to GDP ratio. Neglecting for the moment all control variables, the relation between the public debt to GDP ratio and the subsequent economic growth rate for all seven economies can be estimated according to
for which we use the R package plm (see for instance Croissant and Millo, 2008, or Kleiber and Zeileis, 2008 . In general the R package plm estimates linear panel data models). Table 1 summarizes the results. The results in table 1 are distinguished by type, i.e. pooled OLS regression (first block), a fixed effects model (second block) and a random effects model (third block). All estimation results indicate a statistically significant negative relationship between the public debt to GDP ratio and the subsequent economic growth. This also holds true for all three time period periods (q = 5 five-year growth, q = 3 three-year growth and q = 1 annual growth, respectively). Further, the estimation results suggest that the negative effect of the debt to GDP ratio is stronger for the five-year period than for the three-years interval and the three-year period effect is larger than the effect on the annual economic growth rate, which may be due to the fact that the first interval, q = 5 (q = 3), is much longer than the latter, q = 3 (q = 1). The Durbin Watson statistic, DW, suggests non-autocorrelated residuals for the five-years interval and for the three-years period, whereas there is a slight positive autocorrelation in the estimations with annual growth rates. Despite the rather modest fit there is, nevertheless, some empirical evidence for a negative relationship between the two variables debt and growth. This result is also supported and visualized in the corresponding scatterplots with the linear regression line from the pooled OLS estimation in figure 3 . Finally, the model selection tests (the F-test tests if the pooled or the fixed effects model is more appropriate and the Hausman test studies whether a random or fixed effects model should be applied) suggest the use of the pooled or the random model for this data set. However, all three estimations yield the same qualitative outcome anyway.
Next, we perform a non-parametric estimation for the plain model from above, i.e. including only the two variables debt and growth. Neglecting for the moment that the data come from different countries and treating the whole sample as one data set, allows us to study the (potentially) non-linear relationship between the two variables. Here, a spline estimation is applied to the data set, dealing with the relationship in a fairly unrestricted (non-parametric) manner.
Basically, it approximates the systematic link between the variables with a flexible function, here denoted by s, that is only required to be continuous and differentiable 5 .
The estimation is performed with the mgcv package in R. Table 2 summarizes the estimation results identifying potential non-linearities. Non-linearities are indicated by the estimated degrees of freedom, edf , where high values imply a wiggly function while a value near 1 suggests a linear fit. The second interesting part is the visualization of the estimation outcome. The plots of the estimated functions are shown in figure 4. 5 For a short introduction to the method, see Kauermann (2006) or Greiner (2009) Note: ***(0.1% level), **(1% level), *(5% level), •(10% level).
As table 2 and figure 4 shows, only for the five-years interval the relationship might be nonlinear. Basically, all three time periods are characterized by a negative relation, with a linear shape for the three-years growth rate and for the annual growth rate. The five-years interval also reveals a mainly negative form, however with a bump at a debt to GDP ratio of about 90%. However, this is statistically significant only at the 5% level. For the three-years interval and for annual growth the estimations do not show any evidence for non-linearities. Further, we also estimated an OLS regression including a quadratic term, b 2 it-q, and a cubic term, b 3 it-q, as regressors. None of these higher-order terms was statistically significant in the estimations, neither for the five-years interval, nor for the three-years or one-year time period 6 . Therefore, we conclude that the evidence for a non-linear relation between debt and growth is very weak in our sample.
From the outcomes in table 1 and figure 3 one can conclude that the relationship between the public debt to GDP ratio and the economic growth rate over the following year(s) is negative. However, for those plain estimations the only regressor was the debt to GDP ratio. In order to see how robust that result is, we next include the control variables in our estimations. Thus, the following regression equation is now estimated for the data of the seven selected economies:
with the variables according to the explanations above. Table 3 presents the outcome.
As the results in table 3 demonstrate, the data suggest empirical evidence for a negative relationship between the public debt to GDP ratio and subsequent economic growth. Although the coefficient of interest for b t−q is not statistically significant for the five year growth interval (first column), the three-years period (second column) and the annual growth rates (last column) indicate a negative relationship between debt and growth. The estimation results also suggest, again, that the negative effect of the debt to GDP ratio is stronger for the three-years period than for the annual economic growth rate, which may be due to the fact that the first interval (q = 3) is much longer than the latter (q = 1). The other control variables show the expected signs. For instance, the negative coefficient of the initial real GDP per capita demonstrates that a higher initial GDP per capita reduces growth in subsequent periods, suggesting convergence. As above, this holds true for all three time specifications, i.e. for q = 5, q = 3 and q = 1. Moreover, trade (openness), shown in the fourth line, has a positive effect on subsequent growth for all three estimations. The estimation also reveals that higher government consumption seems to lower economic growth in the following years, as does higher inflation in the initial year.
Since the fixed effects model did not yield significant results concerning the debt and growth relationship we, next, estimate the random effects model for our panel data. Table 4 presents the estimation results. Basically, the estimation of the random effects model confirms the results from the pooled OLS estimation of our model. The estimations suggest a significant negative relationship between the initial public debt to GDP ratio and the subsequent three-years or annual growth rate of GDP. Further, the coefficients are quite similar in size. The control variables show the expected signs and also support the results from the pooled model in table 3. Again, for both estimations, pooled and random effects, the hypothesis of non-autocorrelated residuals cannot be rejected, except for the one-year time interval.
Concerning model suitability, the F test suggests the pooled model for q = 5 and the fixed effects model for q = 3 and q = 1. The Hausman test supports the suitability of the random effects model for the first two specifications. Especially for q = 3, it yields a p-value of 0.9994 (see table 5 ). For q = 1, the fixed effects model may be more appropriate. However, the estimated coefficient for the debt ratio in the fixed effects model is insignificant, which is contrary to the majority of the outcomes presented in this section.
Relating our results to earlier studies shows, that for advanced economies, there seems to be a negative relationship between debt and subsequent growth, as has also been found by Kumar and Woo (2010) for example. This relation may be different as regards developing and emerging market economies, as has been found for instance by Fincke and Greiner (2014) , as they are on the transition path. Further studies merge different types of countries and perform dynamic panel threshold estimations, such an estimation may also be of interest for our set of economies for future studies in order to elaborate further on the non-linearities of the relationship. 4(4), 137-150, 2015 
Conclusions
In this paper we have empirically analyzed the relationship between public debt and economic growth. Our regression results yield empirical evidence for a negative relationship between the public debt to GDP ratio and the growth rate of the economies in subsequent periods. This means that a high public debt to GDP ratio at the beginning of the period tends to reduce the real GDP per capita growth rate in the following years.
We performed panel data estimations where we estimated several regression models. When the control variables are neglected, all models yield a significant negative relation between the public debt to GDP ratio and economic growth in the subsequent period for the five-years time interval, for the three-years time interval and for the annual interval. When control variables are included in the regression, this statistically significant negative correlation between debt and growth is still present for the pooled and the random effects model for the three-years time interval and for the one-year time interval, whereas the effect of public debt becomes statistically insignificant for the five-years interval. Further, the link between debt and growth seems to be characterized by a linear relationship since the empirical evidence for non-linearities is very weak. In particular, we could not find any indication of non-linearities for the three-years time interval and for annual growth rates.
Hence one policy implication we can draw from our study is that economies should reduce their public debt to GDP ratios in order to spur growth. However, that does not mean that governments necessarily have to run balanced budgets. Slight deficits that imply that public debt grows but less than GDP also leads to a reduction of the debt to GDP ratio and, thus, may spur growth. However, care should be taken when reducing public spending and it should be kept in mind that, from a growth perspective, cuts in productive public spending for infrastructure or for human capital formation may turn out to be counterproductive.
With respect to future research, it would be interesting to study the robustness of the outcome. In this paper we have analyzed advanced industrial economies. But, for emerging market economies the relation may be different. For example, in Fincke and Greiner (2014) a positive correlation between public debt and economic growth has been detected, suggesting that the relation between debt and growth in emerging market economies may be different from that in industrialized countries. One explanation for that difference could be that this relation is different in fast growing economies on the transition path from that in industrialized countries that can be characterized by a steady state growth path. To get more insight into this question further research is needed that applies more advanced techniques, such as estimating a dynamic panel threshold model for example.
